44. ASTRONOMY FROM SPACE

PRESIDENT: J.E. Trimper

VICE-PRESIDENT: G.G. Fazio

ORGANIZING COMMITTEE: B.F. Burke, ].B. Hutchings, E.B. Jenkins (Past President),
S.D. Jordan, B.D. Savage, W. Wamsteker

1. Introduction

Joachim E. Trimper

The period covered by this report has seen very significant progress in the different fields of space .
astronomy. In the infrared and submillimeter region the cosmic Background Explorer has continued
to dominate the space activities. The most significant result was the first detection of anisotropies in
the cosmic background radiation. In the optical and UV region the Hubble Space Telescope,
launched in spring 1990 has produced a wealth of significant scientific results despite the image
aberrations which are expected to be corrected by the repair mission in December 1993. The
astrometric Hipparcos mission reached its scientific goals by producing 1.5 milliarcsec positions and
Imilliarcsec/year proper motions. In the EUV region the fist photometric all-sky survey 1990/91
performed by the Wide Field Camera on ROSAT (Rontgen satellite) has increased the number of
EUV sources by almost two orders of magnitude (to ~ 400). A further step was made with the
Extreme Ultraviolet Explorer (EUVE launched in 1992) providing increased survey sensitivity and
high spectral resolution capabilities. Further spectroscopic data in the UV/EUV were obtained with
the UV telescopes on the ASTRO shuttle mission and on the ASTROSPAS, a shuttle attended free
flyer. In X-ravs more than 50 000 new X-ray sources were discovered by means of the ROSAT all-sky survey
in 1990/91 which also led to a much improved knowledge of the galactic and extragalactic soft X-ray
background. In 1991-93 a few thousand ROSAT pointed observations, including very deep ones, produced a
wealth of new results. The Broad Band X-ray Telescope (BBXRT) flown on the ASTRO space shuttle
mission in 1990 concentrated on medium resolution X-ray spectroscopy. As the successor of Ginga which re-
entered in fall 1991 the ASCA satellite (Advanced Satellite for Cosmology and Astrophysics), launched in
spring 1993, provides new observational capabilities in imaging X-ray spectroscopy. In hard X-rays the
Granat mission allowed to study the time variability of compact X-ray sources, in particular the X-ray
transients.

Gamma-ray astronomy experienced a boost by the launch of the Compton Gamma-ray Observatory in 1991
delivering many new significant results on gamma ray bursts, pulsars, diffuse line emission and quasars.

Last but not least, the most significant event for solar physics from space was the launch and operation of the
Yohkoh satellite which vielded a large database for the study of high-energy solar phenomena that accompany
solar activity.

All in all the results of these new missions represent a strong stimulus for all fields of astronomy and
astrophysics. Two general trends should be mentioned: first the role of coordinated multiwavelength
observations involving both space and ground-based observatories is rapidly increasing. There have been a
number of very productive campaigns of this kind, such as the RIASS programme (ROSAT-IUE) or the
World Astronomy Department. Another important aspect is that space missions yield digitized and calibrated
datebases which lend themsclves to archiving. The databases of IRAS, IUE, HST, Einstein, EXOSAT,
ROSAT etc., as well as the digital optical and radio surveys, have become very powerful tools for
astrophysical rescarch.
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2. Infrared Space Astronomy

Giovanni G. Fazio

I. INTRODUCTION

During the period from 1990 to 1993 the data from the Cosmic Background Explorer (COBE) satellite has
continued to dominate the results in space infrared and submillimeter astronomy. The most spectacular resuit
was the first detection of an anisotropy in the cosmic background radiation (CBR). Continued improvements
in the accuracy of the measurements of the CBR temperature have shown no deviation from blackbody
radiation. Impressive maps of the entire galactic plane were produced at near-infrared wavelengths and
in the spectral lines of [CII] and [NII]. Detection of the source F10214+4724 in the Infrared Astronomical
Satellite (IRAS) Faint Source Survey data base set off a flurry of exciement and interest. F10214+4724 is a
galaxy at a redshift of 2.286 and is the most luminous and massive single source known in the universe. The
IRAS database, which has improved with continued analysis, when combined with ground-based and space
observations at other wavelengths has produced many new results in the study of starburst galaxies and
AGN, infrared luminous galaxies, the origin of elliptical and radio galaxies, protostars, galactic structure,
and new views of interstellar dust. The Kuiper Airborne Observatory (KAQ) continues to remain a premier
facility for far-infrared and submillimeter astronomy. KAO obsrvations have produced important advances
in our knowledge of star formation processes, the interstellar medium, the Galactic center, and stellar and
planetary astronomy.

The COBE resuits are so extensive that they will be treated in a separate section of the report of this
Commission. In this section special attention will be given to the IRAS and KAO results, as well as other
results from balloon-borne telescopes and rocket observations.

II. THE INFRARED ASTRONOMICAL SATELLITE (IRAS)

Follow-up observations of galaxies with bolometric luminosities that are dominated by the far-infrared radi-
ation detected by [RAS continue to constitute a major fraction of the published literature in extragalactic
astronomy. A comprehensive review of this wide field of research is beyond the scope of this summary. This
is merely an attempt to cover some highlights.

IRAS F10214+4724: Starburst in a Protogalaxy or Dominant AGN?

Observations of source F10214+4724 in the IRAS Faint Source Survey by Rowan-Robinson et al. (1991)
set off a flurry of excitement and interest that has inspired numerous additional observations of this source,
as well as searches for others like it. F1021444724, at a redshift of 2.286, has an estimated luminosity
of ~ 3 x 10" L and a mass of ~ 3 x 10!! Ly, making it the most massive and luminous single source
known in the universe. The look-back time corresponds to approximately 80% of the age of the universe.
The high excitation emission lines in the spectrum observed by Rowan-Robinson et al. (1991) indicate the
presence of an AGN, but whether or not the source represents a protogalaxy undergoing its first burst of
star formation, or a dust enshrouded AGN, is still up for debate. The mass of neutral molecular hydrogen
was estimated soon after discovery of the galaxy, with the amazing detection of the CO 3-2 transition, first
by Brown & vanden Bout (1991), and then confirmed by others (e.g., Solomon, Radford, & Downes 1992).
These observations showed that F10214+4724 has an infrared to CO luminosity ratio twice that of most
IR-luminous galaxies and about 30 times higher than that of normal spirals. Its IR colors and high IR/CO
luminosity ratio indicate that F10214+4724 is similar to nearby ultraluminous galaxies that are known to
be mergers. This galaxy is a primeval molecular galaxy with the mass of a large spiral, but with most of the
mass in molecular gas rather than stars. It is the best candidate yet discovered for a forming disk galaxy or
cluster of galaxies.
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One reason for the great interest in F10214+4-4724, as for lower redshift ultraluminous infrared galaxies,
concerns the dominant source of the extremely high far-infrared luminosity detected by IRAS. There is
little doubt that both a luminous starburst and a non-stellar active nucleus are present in the source.
The interesting question is— which component dominates the energy budget for the tremendous 104 solar
luminosities that this source generates? There is abundant evidence that F10214+4724 is a primeval galaxy
undergoing rigorous star formation, including ~ 6 x 10'! Mg of molecular gas (Solomon et al. 1992),
and a UV-to-radio continuum energy distribution which is most simply interpreted as a powerful starburst
(Rowan-Robinson et al. 1993). Likewise, there is substantial evidence for an embedded AGN: high excitation
emission lines (Rowan-Robinson et al. 1991), strong polarization (Lawrence et al. 1993), and a very
compact morphology in the light of the Ha emission line (Soifer et al. 1992). New results show {NII]/Ha
and [OII1]/Hp emission line ratios to be typical of those found in type 2 Seyfert galaxies (Elston et al. 1993).
High spatial resolution near-infrared (rest-frame optical) imaging shows a double structure in the central
2 arcsec which suggests an interacting/merging system of two or more galaxies (Soifer et al. 1992). The
contention is that this source may be a high redshift analog to the ultraluminous infrared galaxies observed
in the local universe. Continuing studies of this exciting object will undoubtedly have a great impact on our
understanding of galaxy formation and cosmology.

The Source of the Far-Infrared Emission in Starburst Galaxies and AGN

An important work which addresses the issue of the source of the far-infrared emission in active galaxies
was published by Mouri & Taniguchi (1992). Using observations of [O I] 16300, Ha, Hy S(1), and Br v
emission lines in relation to the 25 um to 60 pm flux ratios observed by IRAS, they constructed a useful
model in which the evolutionary stage of starburst and AGN activity determines the relevant extent to
which various sources of far-infrared radiation contribute to the total luminosity measured by IRAS. The
far-infrared radiation emitted from AGNs is thus a mixture of a flat nonthermal component from the AGN
and a steep thermal component from dust heated by young stars, with their fraction varying from one source
to another, and likely changing in time as the various components evolve. Although more complex than a
more simplistic model we might hope for, this result is likely a more realistic treatment of the complexities
involved in interpreting the far-infrared emission from F102144-4724 and other sources which have evidence
for AGNs and starbursts that coexist in the same galaxy.

Superwinds

A principal result to emerge from ground-based follow-up observations of infrared galaxies selected using
IRAS color ratios is that many starburst galaxies have large-scale nebulae of ionized gas which often have
the morphology and kinematics of a bi-polar outflow many kiloparsecs in size. In these “superwinds,” the
kinetic energy provided by supernovae and winds from massive stars in a central starburst drives a large-scale
outflow that can shock heat and accelerate ambient interstellar and intergalactic gas. This work, pioneered
by Heckman and his collaborators (e.g., Heckman, Armus, & Miley 1990; Armus, Heckman, & Miley 1930)
demonstrates that the evolution of the interstellar medium, as well as the intergalactic medium, is profoundly
affected by large-scale outflows on a galaxy-wide scale. The superwind process may also play a critical role in
driving out much of the gas and dust associated with a starburst, diminishing the extinction at optical and
ultraviolet wavelengths and thus allowing a previously embedded ultraviolet-excess AGN to dominate the
bolometric luminosity of the source. This has important implications for current theories of the formation
and evolution of classical quasars, radio galaxies and elliptical galaxies.

The Origin of Elliptical Galaxies

A long-standing argument against the hypothesis that most massive elliptical galaxies form primarily by
merging spiral galaxies is the extremely high mass densities in the cores of the former compared to the
later. A recent study of infrared ultraluminous galaxies (those with infrared luminosities comparable to
classical quasars, Li; > 10!2 L) suggests that these objects are elliptical galaxies in the process of formation
(Kormendy, & Sanders 1992). The typical central densities of molecular gas, ~ 100 Mgpc~3, are as high
as the stellar mass densities in elliptical galaxies, and the intense starbursts taking place in these sources
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are just what is expected during the dissipative collapse induced by a merger. The high gas density is
transformed into a high stellar mass density, and the high metallicities of ellipticals are a natural outcome,
since even the oldest ellipticals would form from starburst-enriched gas. These results have implications for
searches for protogalaxies at high redshift because forming elliptical galaxies may be heavily enshrouded by
dust and hence be best detected at infrared wavelengths.

The Origin of Radio Galaxies

One of the many early discoveries made by IRAS is that a significant fraction of radio-loud galaxies are
luminous far-infrared sources (Golombek, Miley, & Neugebauer 1988). Radio galaxies have traditionally
been thought to be giant ellipticals which are devoid of extensive quantities of gas and dust. However, a
new CO(J = 1-0) line survey of powerful radio-selected galaxies with log Pyosmu, > 23.5 W Hz™! has
doubled the number of previously known CO detections of powerful radio galaxies (Mazzarella, Graham,
Sanders, & Djorgovski 1993). The computed H, masses range from ~- 3 x 10° to ~ 2 x 10'® M, similar to
the H, masses derived for other luminous infrared galaxies, but in stark contrast to the low H, gas masses
found in radio-quiet IRAS-selected elliptical galaxies, 107-108 Mg (Lees, Knapp, Rupen, & Phillips 1990).
The results suggest that rich supplies of molecular gas may be ubiquitous in powerful radio-selected galaxies
detected by IRAS, and the origin of powerful radio galaxies may be closely related to the genesis of dust
enshrouded quasars and classical UV-excess quasars through the merging of gas-rich disk galaxies. The
recent detection of weak, large-scale radio lobes associated with the eastern nucleus of the merging galaxy
pair Markarian 463 bolsters the case for a unified model for the origin of quasars and powerful radio galaxies
via an infrared-luminous phase (Mazzarella et al. 1991). The radio source in Mrk 463E is 20 kpc in extent,
the largest known to be associated with a gas-rich spiral galaxy. Mrk 463 may exemplify a “missing link” or
transition case between the confined (< few kpc) linear radio sources observed in Seyfert galaxies and the
extended (hundreds of kpe) sources in classical quasars and radio galaxies.

Embedded AGNs in Infrared-Luminous Galaxies

Near-infrared spectroscopy provides a useful way to take advantage of the decreased extinction due to
dust compared to optical wavelengths; the extinction, in magnitudes, at 2 um is about one tenth that in
the visual band. Using this tool, a number of workers have searched for evidence of embedded broad-line
regions in infrared-luminous galaxies. Such sources have been found in the galaxies IRAS 20460+1925, IRAS
2306040505 (Hines 1991), and IRAS 20460-1447 (Nakajima et al. 1991). This work is important because
it demonstrates that there is a population of obscured QSO’s, and that they can be selected by their warm
infrared energy distributions and QSO-like luminosities. Nevertheless, a recent comprehensive study of 14
ultraluminous infrared galaxies by Goldader et al. (1993) found no new (embedded) broad-line regions
that were not known from previous optical spectroscopy. Emission lines from present and past vigorous
star formation dominate the infrared spectra cf these galaxies. These results place important constraints on
unified models which maintain that galaxies with classical type 2 Seyfert spectra may harbor type 1 Seyfert
nuclei, but they are invisible because of obscuration due to dust.

A parallel effort to detect embedded AGNs in infrared-luminous galaxies took place using very long baseline
interferometry at radio wavelengths (Lonsdale, Smith, & Lonsdale 1993). Over half of a sample of 31 infrared-
luminous galaxies show high-brightness temperature emission, with T, > 10° K and structure on scales of
5-150 milliarcseconds. The limits for non-detected sources are similar, consistent with the hypothesis that
most of these galaxies have compact AGN cores at a level of a few percent of the total radio flux density.
Structural information and energy budget considerations rule out a single supernova interpretation of the
compact radio emission in these galaxies, although the possibility of several simultaneous, extraordinarily
luminous radio supernovae within the central few hundred cubic parsec cannot be ruled out. Nevertheless,
these results provide important new evidence for AGNs obscured by dust in a surrounding starburst. Whether
or not the embedded AGNs dominate over radiation from hot stars in the total energy deposited into heating
the dust observed in the far-infrared remains an active topic of research.
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IRAS Protostars

IRAS showed that stars of roughly solar mass form out of clumps of molecular material ranging in mass and
size from 1-100 M@ and 0.02-0.2 pc. The temperature and density of these clumps have values around 15-25
K and 10* cm™3 (Beichman et al. 1986; Myers et al. 1987). The 1-100 um spectral energy distributions
(SED’s) require a hot central star (T~3000 K), many magnitudes (Ay ~ 10-50 mag) of intervening dust
to absorb and re-radiate the stellar radiation, and a massive disk (~ 0.1Mg) of material located within a
relatively empty, 1~ 100 AU, central void around the star (Myers et al. 1987). These early observational
samples have been expanded to include hundreds of young stars with multi-wavelength studies of the Taurus
(Kenyon et al. 1990; Beichman, Boulanger and Moshir 1992), Corona Australis (Wilking et al.  1992),
Ophiuchus (Wilking, Lada and Young 1989) and the Chamaeleon clouds (Prusti, Whittet and Wesselius

1991; Gauvin and Strom 1992).

A combination of IRAS and ground-based observations of T Tauri stars strengthens the case for the existence
of disks around many of these objects. Roughly 80% of T Tauri stars have passively heated disks contributing
~ 20% or less of the total luminosity of the system (Rucinski 1985; Strom et al. 1988; Cohen, Emerson and
Beichman 1989). The remaining 20% of the stars have substantial infrared excesses, suggesting the existence
of active disks powered by accretion with infall rates as high as 10~*Mgyr~—!. Hildebrand et al. (1992)
have shown that a star+accretion disk model can also satisfy the 1-1000 um observations of Herbig Ae/Be
stars, but with mass accretion rates, the disk masses and disk radii that are proportionately larger.

Estimates of disk masses for T Tauri stars range from 0.001-0.1 Mg (Beckwith et al.  1990; Adams,
Emerson and Fuller 1990), but are uncertain because of uncertainties in the mass absorption coefficient at
long wavelengths. Additional support for the existence of massive disks comes from millimeter observations
that show material in Keplerian rotation around the HL Tau (Sargent and Beckwith 1987, 1991), and a
resolved disk around L1551-IRS-5 (Keene and Masson 1990) implying disk masses ~ 0.1 Mg. The existence
of a large amount of molecular gas and dust for a few million years has obvious implications for the formation
of planetary systems (Strom et al. 1989; Keene and Masson 1990). Ground-based 10 um observations of
selected T Tauri stars set limits on the disk lifetimes in the range 1 to 3 million years (Strom et al. 1989,
Skrutskie et al. 1990).

IRAS Luminosity Functions

The existence of samples of many tens of sources towards a variety of clouds permits a preliminary com-
parative analysis of the protostellar lJuminosity function under various physical conditions. The dark clouds
such as Taurus, L1641 and Chamaeleon I share similar luminosity functions marked by a relatively small
number of objects of intermediate luminosity. (Gauvin and Strom 1992; Strom and Strom 1991; Kenyon et
al. 1989; Beichman et al. 1992. This observation presents a difficulty for simple accretion models which
predict the existence of more high luminosity objects. A natural explanation for the observed excess of low
luminosity objects is that infail occurs not onto the central star, but is held in the reservoir of a disk, to be
released at a slower rate, and at a lower luminosity over the 1-3 million year lifetime of the disk (Kenyon et
al. 1989; Beichman et al. 1992).

The luminosity function of the relatively diffuse dark clouds mentioned above differs from that in more
concentrated clouds such as p Ophiuchus and CrA. These compact, dense clouds have a greater proportion
of moderate and high luminosity (> 5Lg) Class I objects relative to Class IT objects (Kenyon et al. 1990; see
Zinnecker McCaughrean and Wilking, 1992, for a review). Possible explanations for the differences include
a higher accretion rate or a formation of stars of different average mass, 2-3 Mg, in the denser clouds vs.
1-2 Mg in the more diffuse clouds.

Galactic Structure Revealed by IRAS

The luminous carbon stars and mass-losing Mira variables detected by IRAS provide a nearly extinction
free probe of Galactic structure that can be used out to distances beyond the Galactic Center. Analysis of
IRAS source counts has shown that the Galaxy has a prominent warp similar to that seen in 21 cm maps
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(Djorgovski and Sosin 1989). A key feature of the IRAS result is that the progenitors of these stars are
intermediate and low mass stars many billions of years old, implying that the warp is not a transient feature
of the interstellar medium, but a long-lived feature of the Galaxy. Gravitational perturbations induced by a
massive dark halo can produce warps comparable to that seen by [RAS.

IRAS sources selected on the basis of their color or variability to be AGB stars clearly delineate a central
concentration of stars toward the Galactic Center. Some authors attribute to a prominent Galactic Bulge
(Habing et al. 1985; Rowan-Robinson and Chester 1987; Van der Veen and Habing 1990) while Weinberg
(1992a) claims that the counts can be explained with only an axisymmetric exponential disk population.
Detailed analysis of COBE results will play an important role in determining whether a spheroidal bulge really
exists. Weinberg (1992b) also suggests that the Milky Way is a barred spiral galaxy with arms originating
at the termination of a 5 kpc bar defined by variable, mass-losing giants. The contrast in the bar is high,
about a factor of 7 in the counts between the minimum and maximum regions at a given radius. The bar
seen in the IRAS counts may be related to the triaxial feasure inferred from analysis of 2 zun ground-based
observations (Blitz and Spergel 1991).

New Views of Interstellar Dust

Analysis of IRAS data have fundamentally changed our view of the interstellar medium. Instead of gas
sprinkled with simple 0.1 um silicate and graphite grains, IRAS has shown that there is a continuum between
the atoms and molecules in the gas phase, macro-molecules, small dust grains and ultimately large classical
grains. Variations in the relative abundances of these species trace directly the strength and hardness of the
interstellar radiation field (ISRF) as well as grain formation and destruction processes.

The physical link between 12 um emission and PAHs was greatly strengthened by the observation that the
galactic distribution of the 3.3 um PAH feature closely follows that of the 12 um radiation found by IRAS
(Girard et al. 1989). The new IRAS Sky Survey Atlas offers a three to five-fold improvement in sensitivity
compared to earlier IRAS images at 12 and 25 um and will facilitate study of this phenomena in a variety
of environments.

Observations of the 12 pm radiation from other galaxies can also be used to learn about small grain physics.
The large to small grain abundance ratio is relatively constant in normal galaxies of similar metallicity
with a dispersion of less than 40% (Helou 1986; Helou, Ryter and Soifer 1991). Most of the variation in
the f,(12um)/(f,(60um) + f,(100um)) ratio is attributed to variations in the interstellar radiation fields
in these galaxies which, at increasing levels, destroys small grains and gradually increases the contribution
from classical large grains.

A number of groups have addressed the composition of interstellar dust using IRAS data (see Puget and

.bger 1989 lor a review). Clues to the nature of the small grains have come from variations in the strength of
12 pm emission as a function of interstellar radiation field (ISRF) strength within molecular clouds and HII
regions (Boulanger et al. 1988). A comprehensive model of interstellar dust has been developed that fits
the optical and UV extinction curves, the IRAS emission properties, and the longer wavelength submillimeter
emission (Désert et al. 1990). The model invokes large grains, small (<0.01 pm) 3-dimensional grains, and
smaller (~ 10 A) planar grains (PAHs). Together the grains and PAHs may comprise more than 40% of all
interstellar carbon.

III. RESULTS FROM NEAR-SPACE OBSERVATORIES

The Kuiper Airborne Observatory (KAO), a 91-cm telescope mounted in a converted C-141 aircraft capable of
reaching altitudes of 12.8 km, continues to remain a premier facility for infrared and submillimeter astronomy.
Important advances in our knowledge of star formation processes, the interstellar medium, the Galactic
center, and stellar and planetary astronomy have resulted from KAO observations.
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Molecular Clouds and Star Formation

Far-infrared polarimetry has led to the first mapping of magnetic fields in dense cloud cores (Hildebrand
et al. 1993). Regions of uniform or smoothly varying polarization seen in many clouds indicate highly
structured fields despite the presence of turbulence and fragmentation.

Starburst galaxies like NGC 253 and NGC 3256 have enormous rates of massive star formation occuring
in their central, obscured regions. KAO observations of infrared fine structure lines (Carral et al. 1993)
reveal a highly pressurized interstellar medium populated with numerous, small, dense, molecular clouds.
The clouds and HII regions appear to be in pressure equilibrium with a supernova-shocked, hot, low density,
all pervasive medium. A feedback mechanism may be indicated in which the pressure generated by the
supernovae compresses the molecular clouds and triggers further massive star formation.

KAO maps of a number of pre-main-sequence stars suggest that much of the far-infrared radiation from
young stellar objects does not arise from dust in a compact disk, but, in fact, from much more extened
circumstellar clouds (Butner et al. 1990; Natta et al. 1992; Natta et ol 1993). In some cases the
temperature distribution in these extended clouds suggests possible heating by a central disk rather than by
a stellar photosphere.

Interstellar Medium

KAO maps of several galaxies in the 158 micron [CII] line using an imaging Fabry-Perot spectrometer have
been made, leading to the first direct determination of the pressure in the cold atomic medium of external
galaxies (Madden et al. 1993). Similar observations in a sample of gas rich galaxies have shown that warm
dense gas may represent a substantial fraction of the total gas mass in the nuclear regions of galaxies (Stacey
et al. 1991).

Galactic Center

Images of the [CII] line (Poglitsch, et al. 1991) and of the [OIII] fine structure lines, in conjuction with spectra
of far-infrared lines from [OI], [CII], [SiIl}, [SIII], [NIII], and [OIII] and the 20 to 160 micron continuum at a
number of positions both along and across the thermal arched filaments (Erickson et al. 1991 and Colgan
et al. 1993) revealed that the dominating ionization mechanism for the thermal filaments in the Galactic
Center Radio Arc is consistent with photoionization by local, young massive stars. Contrary to expectations,
far-infrared polarization measurements indicate that the magnetic field in the thermal filaments just north
of the dust ring is orthogonal to the field in the long non-thermal arcs that traverse and interact with the
filaments. The field smoothly follows the curve of the filaments. (Morris et al. 1992).

Observations of the 63 micron [O]] fine structure line toward the SgrA West region (Jackson et al. 1993)
showed a large amount of neutral gas in the cavity inside the circumnuclear molecular ring, possibly indicating
an infall of gas toward the massive central object SgrA*. Measurements of the far-infrared lines of [SIII],
[Felll], [OI1], {NIII], and [NII] in Sgr A West are all consistent with photoionization by stars with an effective
temperature of 35,000 K and do not require shocks or stellar winds for their production. The densities
determined from the [OIII] and [SIII] lines suggest that the doubly ionized lines arise predominantly in the
low density gas enclosing the high density 'mini-spiral’ seen in radio continuum maps and lower excitation
lines such as Nell (Erickson et al. 1993).

Far-infrared polarization measurements have shown that the magnetic field in the dust ring at the center of
the Galaxy has the structure expected for a magnetic accretion disk in which angular momentum is removed
centrifugally. This is the only direct observation of the magnetic field in any accretion disk. A streamer with
a longitudinal field penetrates the northern portion of the ring.
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Stellar Astronomy

Far-infrared spectroscopy of the {Fell] and [Nill] lines from SN 1987A at several epochs have probed the
mantle of the supernova (Erickson et al. 1988; Haas et al. 1990, and Colgan et al. 1993). These
observations provide evidence for mixing and clumping in SN 1987A, imply a spatial association between
the dust clumps and the iron-group elements, and suggest segregation of the iron-group elements from the
lighter elements such as Mg and O. A mysterious high-velocity feature at 3900 km/s was also found.

KAQ observations of Nova Cygni 1992 (Nova V1974 Cygni) in May, 1992 resulted in identification of a
number of atomic lines of hydrogen and neon {(Gehrz et al. 1993). Observations in July 1993, showed that
the original atomic lines had disappeared and been replaced by a Ne VI line. No infrared continuum was
seen in any of the spectra, indicating that dust had not yet condensed from the materials ejected by the
nova blast.

Far-infrared [OI] and (SiIl] lines have been observed in the oxygen-rich, M2 lab supergiant, alpha Orionis.
Their fluxes are consistent with emission arising from dense, warm gas in the star’s inner envelope and
implies that nearly all of the available O and Si are in atomic form. This is the first detection of far-infrared,
fine structure emission from the inner or transition region of a circumstellar envelope, where molecules and
dust are expected to form.

Planetary Astronomy

A combination of laboratory measurements of H,O trapped in SO, matrices, and KAO spectra of Jupiter’s
satellite Io, resulted in the discovery of small amounts of water on Io’s surface (Salama et al. 1990 and 1993).
This demonstrates that hydrogen is present there, and has important implications for our understanding of
the chemistry on this satellite.

Balloon-Borne Astronomical Observations

The 1-meter balloon-borne telescope of the Tata Institute for Fundamental Research continues to produce
high resolution far-infrared maps of H II regions including G351.6-1.3/G351.7-1.2, W31, and the galaxies
NGC 4945, and the Circinus galaxy (Gosh et al. 1990a; Gosh et al. 1990b; Gosh et al. 1992).

Far-infrared observations of the Cygnus-X region in the galaxy were performed with a 60-cm diameter
balloon-borne telescope developed at ETH Zurich in collaboration with the Geneva Observatory. Suc-
cessful measurements were made on the dust emission and temperature of the molecular cloud complexes
DR21/W75N and S106 (Holenstein et al. 1992).

The first large scale far-infrared [CII] line emission maps of the galactic plane were completed using balloon-
borne telescopes equiped with Fabry-Perot spectrometers by a joint group from the Institute of Space and
Astronautical Science (ISAS), Japan, the University of Arizona, and the Kyoto University, Japan (Shibai, H.
et al. 1991). Extended, bright [CII} emission throughout the Galaxy. Possible candidates for this emission are
extended photodissociation regions heated by the general interstellar radiation field, or extended low-density
H 1II regions ionized also by the interstellar radiation field.

IV. FUTURE MISSIONS

The 1990’s will see an enormous increase in space activities for infrared and submillimeter astronomy. Some
of the major missions planned for the future are described below.

Infrared Space Observatory (ISO)

ISO is a 60-cm helium-cooled telescope with four focal plane instruments: a short wavelength camera, a mul-
tiwavelength photometer/polarimeter, and short and long wavelength spectrometers, covering the spectral
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region from 3 to 200 microns. ISO is an intermediate mission between IRAS and SIRTF in both schedule
and capability. It will be launched by ESA in 1995 and will provide the first follow-up on the IRAS resuits
and define further scientific questions for the later SIRTF mission.

Infrared Telescope in Space (IRTS)

IRTS is a helium-cooled telescope planned for launch in 1995 by Japan’s Institute of Space and Astronautical
Science. It will carry four experiments: a Fabry-Perot interferometer to map the C II and O I emission
from the Galaxy, a submillimeter wavelength radiometer and a near-infrared photometer to measure the
extragalactic background radiation, and a mid-infrared spectrometer. Because it shares a platform with
other space experiments IRTS will obtain data for only 2 weeks.

Submillimeter-Wave Astronomy Satellite (SWAS)

SWAS is one of NASA’s Small Explorer Class satellites, consisting of a 55-cm ambient temperature telescope
with passively cooled detectors, to search for single lines of H,O, Oy, C I, and 13C'0 in molecular clouds
and to qualify several critical submillimeter wave receiver and spectrometer elements to be used on later
missions. The launch date is 1995.

The Near Infrared Camera and Multi-Object Spectrometer for the Hubble Telescope (NIC-
MOS)

NICMOS is a second generation NASA instrument for the Hubble Space Telescope that is designed to
provide imaging and spectroscopic observations at wavelengths between 0.8 and 3.0 microns. NICMOS
contains cryogenically-cooled cameras and spectrometers to cover a wide range of scientific objectives, and
has an expected lifetime of greater than five years.

Space Infrared Telescope Facility (SIRTF)

SIRTF, one of NASA’s Great Observatories, is a 0.85-meter diameter cryogenically-cooled telescope which
will be located in a solar orbit for a period of at least 3 years. SIRTF’s three focal plane instruments will
permit imaging and spectroscopy over the infrared spectrum from 3 to 200 um with sensitivities of 100 to
10,000 times their predecessors. It will be operated as a facility for the entire scientific community.

EDISON

EDISON has been proposed to be a long-lived international infrared space observatory possessing a 1.7-
m mirror cooled via radiation to approximately 20K. The observatory will be equipped with imaging and
specroscopic instruments operating over the wavelength range 2-100 microns. High sensitivity, high angular
resolution, and long life due to lack of cryogens will allow EDISON to undertake a comprehensive research
programme impossible with any other existing or proposed facility.

Submillimeter Intermediate Mission (SMIM)

SMIM is a proposed submillimeter space telescope with a radiation cooled 2.5-meter diameter primary mirror.
The focal-plane instruments include heterodyne receivers that will cover the band from 250~700 microns.
Between 100 and 300 microns, a Fabry-Perot spectrometer would provide the spectral coverage. Cooling of
the instruments would be provided by a 500-liter cryostat. The mission lifetime is projected to be about 1
year. The orbit attainable using the Deita launch vehicle would be a 24-hour elliptical (if an Atlas 1l were
used, a heliocentric orbit would be preferred).

Pronaos

Pronaos is a 2-meter diameter balloon-borne telescope for submillimeter astronomy built in France by CNES
(Toulouse). The telescope will accommodate two focal-plane instruments: a multiband photometer and a
heterodyne spectrometer. The first flight will occur in 1994.
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Far Infrared and Submillimeter Space Telescope (FIRST)

FIRST is a cornerstone mission of the ESA long term science program. It is a large (3 meter) diameter
passively cooled telescope equipped with a combination of photometer/camera and very high resolution
spectrometers for far-infrared and submillimeter wavelengths. FIRST was selected to be the ESA Cornerstone
Mission 4, to be launched in 2006.

Stratospheric Observatory for Infrared Astronomy (SOFIA)

SOFIA will be a 2.5-meter ambient temperature telescope mounted in a specially modified Boeing 747
aircraft, which will replace the Kuiper Airborne Observatory around the year 2000. It will have capabilities
throughout the spectrum from 0.3 microns to 1.3 mm wavelength. The planned flight program of 120 8-hour
flights per year would support approximately 15 science instruments and 40 principal investigator teams
annually. In addition, SOTFIA will have a strong educational outreach program. SOFIA will be sponsored
by NASA, with possible participation by the German space agency, DARA.
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3. Optical Astronomy from Space

J.B. Hutchings

This section summarises the publications arising from Hipparcos
and the visible range results from the Hubble Space Telescope, between
July 1990 and June 1993. Both telescopes have considerable history and
also will continue to produce publications in this areas in the future,
so the summary is arbitrarily restricted by the dates covered.

HIPPARCOS

Ths Hipparcos mission did not achieve its intended orbit at launch,
but creative reprogrammlng of the science resulted in a highly
successful mission. Naturally, much of the published literature deals
with the orbit and revision of the methods necessary to analyse the data.
Some 170 papers are found in the reporting interval. Of about 100 publications
which are publlshed in the refereed literature, 33 are found in
a spec1al issue of Astronomy and Astrophysics vol 258, May 1992, A summary
of the mission was publlshed in ESA SP-1154 (1992). There are also several
papers in double stars in IAU Colloquium 134 (PASP conference series), in
symposia 7,8 of the Cospar 1990 conference, and IAU symposium 141.

Ooverall, most of the papers are on data analysis methods, with another
significant subset on the orbit and associated problems. There are also
many discussions on the catalogues of stars associated with the mission.
The main catalogue is the Hlpparcos Input Catalogue, which
was published in 7 volumes in March 1992 (Turon et al), and is in itself
an excellent reference. Many early paper are on binary and multlple stars.
While the final main product of the mission will be some time in the future,
progress is very encouraging.

HUBBLE SPACE TELESCOPE

The Hubble Space Telescope has been in operation since mid-~1990,
with a slow start to science observations due to the spherical aberration
of the primary mirror, and initial tracking jitter from solar panel
oseillations. The aberration has most adversely affected the visible range
science, since the main driver at optical wavelengths is spatial resolution.
Here too much of the literature has been devoted to dealing with the image
aberrations, and optical range science has been restricted to objects of
relatively high brightness and low dynamic range.

The instruments delivering optical wavelength science are the FOS/RD,
WF/PC, and FOC. While the FGS and HSP have been used for optical science,
Fhere are no scientific results from them in the literature yet. The innovativ

snapshot' program, which takes (mostly unguided) pictures from a large
catalogue of related targets, to fill in unscheduled time, has yielded
significant science.

In the reporting interval some 470 publications are found, which do
not involve UV science. Of these, perhaps 1/2 are in refereed journals,
of which some 10% refer to deconvolution methods for the images, and another
10% to the optical performance of the instruments. There are 22% extragalactic
papers. The remaining topics, in decreasing order of publications, are
galactic stars or objects, planetary science, gravitational lenses (snapshot
program), globular clusters, and LMC objects.

Extragalactic targets have largely been the central regions of active
galaxies and the central light cusps of nearby glaxies. Both focus on
trying to understand the nature of galactic nuclei. Generally, in the case
of AGN, there is evidence for a bi-conical region illuminated by the central
light source, strongly supporting the existing ideas of an opaque torus
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surrounding the central source and broad-line region (e.g. NGC 1068,

NGC 4151). Several galaxies have small light cusps that are close to being

too small to arise from star clusters. Other unexpected results were

crossed dust lanes in the centre of MS51; a dust disk in the centre of NGC 4261
double nucleus in M31; young clusters near the cenre of NGC 1275.

Another category of source is jets, and the braided jets
of 3C66B and the struture in the M87 and 3C273 jets are the more celebrated
of these. The medium-deep parallel imaging survey has started producing
published papers on faint objects in the distant universe. Other primary imagi
targets have been distant radio galaxies, and Butcher-Oemler clusters.

Gal;gtic objects have prominently included the Orion nebula, eta Carinae,
R Aquarii. LMC objects include the R136 field in the centre of 30 Dor,
the remnant and light echoes of SN1987a, planetary nebulae. The globular
clusters include 47 Tuc and M15, and optical identifications of cluster
X-ray sources have been made.

In all these targets, the HST resolution has been significantly better
than ground-based, and major new morphological information has been obtained.
Solar system work has mainly been devoted to the bright planets, with detailed
imaging of Mars, Jupiter, and Saturn. The great white strom on Saturn in
Oct/Nov 1990 was the subject of an extended special program.

There are many new unpublished results, and the HST publications are
ramping up rapidly. It remains to be seen what difference the proposed
optical fixes will produce in future work: it should alter the balance
of HST science significantly.

Summaries of HST science, including UV as well as optical, are published
in PASP (Kinney and Maran 1991, Maran and Kinney 1993) and also the conference
proceedings from the Space Telescope Institute (Kinney and Blades 1991) and
Chia Laguna, Cagliari (Benvenuti and Schreier 1992).
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4. X-Ray Astronomy

Joachim E. Triimper

1. INTRODUCTION

The past triennium (July 1990 - June 1993) has seen enormous progress in X-ray astronomy. The following
satellite/instruments were operating in orbit:
-Ginga (Japan/UK, 1987-1991):

X-ray spectra and time variability studies (2-30 keV).

-Mir-Kvant Intemational Observatory (Russia, Germany, The Netherlands, UK, 1987 -):
broad band X-ray spectra and ) time variability (2-1000 keV, X-ray imaging (2-20 keV).

-ROSAT (Germany, US,UK, 1990 - ):
soft X-ray all-sky survey (0.1-2.5 keV) ~ 4000 pointed observations; X-ray spectra, imaging time
variability. deep surveys.

-Granat (Russia, Francc. Denmark):
X-ray imaging . time variability(2-20 keV).

-BBR XT (US 1990):
X-ray spectroscopy.

-ASCA (Japan, US, 1993-):
broad band X-ray imaging (0.3-10 keV) spectrocopy.

2. X-RAY EMISSION FROM NORMAL STARS AND WHITE DWARFS

ROSAT: Discovery of X-rays from the bright and dark sides of the Moon; discovery of metal absorption in
white dwarfs; discovery of self-absorption in hot star winds; detection of shocks in hot star winds; detection of
X-ray emission from hybrid stars; detection of the latest X-ray emitting star (LHS3003); discovery of long-
duration flares in dMe stars; detection of flares in hybrid stars; detection of flares in low-activity giants;
detection of flares in F stars; detection of superflares on RS CVn systems; discovery of microflares in dMe
stars; determination of coronal structure on a G-type dwarf; detection of eclipses in Algol and YY Gem;
detection of an eclipse of the high-temperature component in AR Lac; detection of the strongest flare on a
classical T Tauri star: ubiquitous distribution of weak line T Tauri stars over star forming regions (J. Schmitt,
1992, 1994).

Ginga: Detection of flarc thermal emission up 18 keV in I Peg (Doyle et al.,1991).

3. X-RAY EMISSION FROM SINGLE NEUTRON STARS

ROSAT: Discovery of X-rays from the radio pulsars PSR 0950-08, PSR 0823+26, PSR 1823-13, PSR
1951+32 (associated with CTB80)

Discovery of pulsed X-rays from the radio pulsars PSR 1929+10, PSR 0833-45 (Vela pulsar), PSR 1706-44,
PSR 1055-52, PSR 0656+15

Discovery of X-rays from the millisecond pulsar PSR 1957+20

Discovery of pulsed X-rays from the millisecond pulsar PSRJ 0437-4715 (Becker and Trimper, 1993)
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Discovery of pulsed X-rays from the Gamma source Geminga - first detection of a single neutron star outside
the radio band (Halpern and Holt. 1992)

4. CATACLYSMIC VARIABLES

Due to the ROSAT survey the number of X-ray detected CVs has doubled. The fraction of magnetic CVs is <
80%, that of old novae and nova-like variables = 20%. Two AMHer systems were found in the period gap
(125.5 and 140 min). X-ray cmission from an optically thick boundary layer could only be observed in an
outburst of SS Cyg, but not in an outburst of 9 other sources (Bunk and Verbunt, 1994).

5. X-RAY BINARIES

Granat: discovery and localization of three galactic sources with emission features at approximately 511 keV
(1E1740-2942, X-Ray Nova Muscae and Crab Nebula); three X-ray Novae were discovered (Nova Muscae,
Nova Oph 1993, Nova Vela 1993); discovery of QPO from four black hole candidates: GX 339-4, X-Ray
Nova Muscae, X-ray Nova Persei and Cyg X-1; mapping of the galactic center region in the spectral band 3-
800 keV and the discovery of six X-ray sources in that region, including a new black hole candidate close to
GX 3-1; variability was detected in a one arcmin region around SgrA in the 3-20 keV band. The source has a
very low luminosity (~2x1036crg/scc) which is hundreds of millions of times below the Eddington luminosity
for a 105M) black holc.

Mir-Kvant: Broad band 2-400 keV spectra were obtained for five X-ray Novae (GS 2023+38, Nova Vul,
Nova Per, Nova Oph 1993, Nova Vel 1993); prominent soft components and extremely hard X-ray tails were
detected; during six years of imaging of the central part of our Galaxy nine new X-ray sources were detected.

ROSAT: Soft X-ray spectra of galactic binaries, 26 X-ray sources identified with the globular clusters in
M31.

Ginga: Broad band spectra and time variability of galactic X-ray sources.

6. SUPERNOVA REMNANTS

ROSAT: Detection of X-rays from 56 previously known galactic radio SNRs during the all-sky survey;
detection of X-rays from about 90 sources suggestive of new, radio-uncatalogued SNR candidates; three
candidates have been confirmed as SNRs up to now, fist full size mapping with few arcmin resolution of the
giant SNRs like the North Polar Spur and other giant radio loops; spatial and spectral mapping of the medium
size remnants revealing strong brightness and temperature variations; detection of a shell of cold matter
associated with the Vela SNR casting an absorption shadow across Puppis-A; detection of EUV emission
from the X-ray bright portions of the Vela SNR, high resolution mapping of the Crab Nebula revealing
cnhanced X-ray emission from an inncr toroidal region and from two opposite jet-like features apparently
protruding from the pulsar. detection of X-rays from the region containing the highest velocity optical knots at
the very outskirts of Cas-A (Aschenbach, 1993).

BBRXT: High resolution. broad band spectra (0.5-10keV) of 7 galactic SNRs and 2 SNRs in the Large
Magellanic Cloud; spectra of Cas-A and Tycho indicate the need for multiple non-equilibrium emission
models.

ASCA: High resolution, broad band CCD X-ray spectra (0.5-10keV) of galactic and extragalactic SNRs
exhibiting an unprecedented wealth of emission lines.
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7. SUPERNOVAE

ROSAT: First detection of soft X-rays from SN 1987A in 1991 (Beuermann et al, 1993), first detection of
soft X-rays from SN 1993J in M81 as early as 6 days after the supernova explosion and measurement of the
X-ray light-curve for the first 40 days (Zimmermann et al.,1993). Measurements were resumed on November
1, 1993, and soft X-rays have been detected again.

ASCA: Early measurement of the broad-band X-ray spectrum of SN 1993J; measurement of red and blue
Doppler-shifted X-ray cmission lincs from the jets of $S433.

8. DIFFUSE GALACTIC X-RAY EMISSION

Granat: A map and the spectrum of the galactic center X-ray diffuse source was obtained. It was found that
SgrA was weak in X-rays during the past 400 vears.

ROSAT: Discovery of X-ray-shadowing by dense neutral clouds; exploration of the spatial distribution of hot
and cold galactic gas (Snowdon et al.,1992 ); strong evidence for the existence of a 106 K hot galactic halo;
discovery of soft X-ray emission from hot superbubbles, large evolved supernova remnants and HII regions
(c.g. Loop I. Eridanus Enhancement, Orion-Monoceros Complex, Ophiuchus Region).

9. NEARBY GALAXIES

ROSAT Survey: 450 optically catalogued galaxies detected, high X-ray luminosity spirals found by
correlations with the IRAS catalogue (Pietsch and Trimper 1992).

ROSAT: Mapping the diffuse cmission of LMC. SMC: discovery of supersoft X-ray sources in LMC, SMC,
M31 and other galaxies: discovery of ~ 400 X-ray sources in M31; discovery of soft X-ray halos in NGC 253,
MI01, NGC 891. NGC 4631. NGC 4565, NGC 4258,

10. ACTIVE GALACTIC NUCLEI

ROSAT: Large number (= 20 000) of X-ray detected AGN; cross correlation with radio surveys yield 2500
mostly optically unidentidied radio loud AGN: confirmation of soft X-ray excesses in Seyfert I and QSO
spectra ; tight connection between soft X-ray excesses and the big blue bump in AGN spectra (Walter et
al..1993); detection of extreme X-ray luminosities in starburst galaxies; X-ray detection of high redshift
quasars up to Z=4.32, dctection of rapid X-ray variability (~ 800 s) in narrow line Syl galaxies (e.g.IR
310224-3809), nearly stmultancous optical and X-ray variability of the BL Lac object PKS 2155-304;
absence of periodicity in NGC 6814 (the claimed 12800 s period is due to a nearby CV, Madejski et al.,1993).

Ginga: Confirmation of reflection/warm absorption models for AGN (Pounds et al.,1990).
ASCA: Line diagnostics confirms iron lines/warm absorber models for several AGN.

Granat: Detection of a thermal cut-off in the X-ray spectrum of NGC 4151.
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11. CLUSTERS OF GALAXIES

Einstein and EXOSAT observations indicate a steepening of the cluster X-ray luminosity function, i.e. a
deficit of luminous clusters at high redshift. This is consistent with hierarchical theories of cluster formation,
in which merging processes play a central role. Early ROSAT results support the Einstein and EXOSAT
findings.

Ginga obtained. spectra of about 100 clusters. An analysis of the data indicates that the hotter, more massive
and more luminous clusters contain relatively more gas and relatively less iron, so that the proportion of
primordial gas is higher,

ROSAT observations show sub-structure in about 70% of clusters, suggesting that mergers are frequent,
consistent with hicrarchical theories of cluster formation. A comparison of radio and ROSAT images of
clusters reveals irregular X-ray emission near the radio position in about 75% of the cases, consistent with the
cause being a merger event (Henry and Briel 1993).

ROSAT observations of small compact galaxy (Hickson) groups show them to be rapidly evolving systems
with massive haloes of dark matter.

ROSAT observations affirm the hypothesis that most clusters contain cooling flows, which result in a steadily
increasing mass of cold dark clouds accumulating in the cluster core.

The radial distribution of dark and baryonic matter was measured using ROSAT cluster observations (A2256,
A426 Coma, Perseus, Virgo clusters). The results of such observations should enable eventually constraints
on the matter density in the universe to be established (Bohringer, 1993).

Results from the ROSAT survey of clusters yields the first threc-dimensional spatial correlation function for

an X-ray selected sample of clusters. The result is important for studies of the growth of matter fluctuations
and galaxy formation in an evolving universe.

12. COSMOLOGICAL X-RAY BACKGROUND

COBE rgjects the hot intergalactic medium hypothesis for the extragalactic X-ray background, (Mather et al.,
1990).

Ginga shows that AGN spectra are not canonic power laws (Pounds et al., 1990).

Ginga and HEAO-1 fluctuation analyses find a factor 2-3 higher source counts than the Einstein Medium
Sensitivity Survey, indicating the importance of intrinsic absorption.

ROSAT Deep Surveys reach a sensitivity more than a factor of 10 fainter than the deepest Einstein pointings
and resolve more than 75% of the 1-2 keV background into discrete objects/fluctuations (Hasinger et al.,
1993).

Optical Identifications in ROSAT deep fields are mainly AGN, a substantial fraction optically fainter than the
limiting capabilities of current 4m-class telescopes (Shanks et al., 1991).
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5. Gamma-Ray Astronomy

Volker Schénfelder

In gamma-ray astronomy we are presently experiencing a period of exciting new results from the
Compton Gamma-Ray Observatory of NASA. Compron was launched on April 5, 1991 by the
Space Shuttle Atlantis and is since then extremely successful. It is the first satellite mission that
covers the full space astronomy gamma-ray range from about 50 keV to 30 GeV - more than five
orders of magnitude in photon energy. Compron contains four different instruments with com-
plementary properties to cover the broad spectral range (see Schonfelder, 1990). These are:

OSSE (50 keV to 10 MeV), COMPTEL (0.75 MeV to 30 MeV),
EGRET (30 MeV to 30 GEV), and BATSE (50 keV to 10 MeV).

Compton has started its mission with an 18-month lasting full sky survey - the first one in
gamma-ray astronomy at all. Since November 1992 extended observations of selected sky regions
or targets are being performed. Most of the data from the survey phase have already been re-
leased for public access, and a vigorous Guest Investigator Program is now being performed.

A number of exciting discoveries has been made by Compron so far: the distribution of gamma-
ray bursts on the sky - as measured by BATSE - has disproofed the previous widely accepted
neutron star origin of bursts within the galactic disk (Meegan et al., 1992). Instead, solar system,
galactic halo and cosmological origins are now being discussed. The puzzle about the origin of
the burst has become more challenging than ever (Fishman, 1993).

The discovery of gamma-ray blazars by EGRET was a surprise. More than 30 of these objects
have now been detected. Their high-energy gamma-ray emission seems to be produced in jets. In
most cases, the luminosity at gamma-ray energies is higher than in any other part of the electro-
magnetic spectrum (Fichtel et al., 1993).

Also radio pulsars seem to have their peak-luminosity at gamma-ray energies. In addition to the
previously known two gamma-ray pulsars Crab and Vela, pulsed gamma-ray emission has now
been detected from PSR 1509-58, 1706-44, 1055-52 and Geminga, as well. Geminga may repre-
sent a new class of pulsars. It is only seen at x- and y-ray energies, but not in the radio band. It is
interesting to note that the efficiency for converting rotational energy into gamma-ray luminosity
increases with the age of the pulsar (Harding, 1993).
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Much progress has been achieved in the field of gamma-ray line spectroscopy: COMPTEL has
generated the first complete map of the galactic plane in the light of the 1.8 MeV 26Al-line. The
distribution along the plane is not smooth, but contains bright spots, which might suggest a more
local origin (Diehl et al, 1993). One of the spots coincides with the Vela supernova remnant, and
the detected line flux is well within the expectations from a Type-II Supermova. Two other
nucleosynthesis lines were detected for the first time: these are the 122 keV line from 57Co by
OSSE (from SN 1987A), and the 1.156 MeV from 44Ti by COMPTEL (from Cas A). The detec-
tion of 4.4 MeV and 6.1 MeV line emission from the Orion complex by COMPTEL marks the
first measurement of nuclear interaction lines from interstellar space. OSSE, at present, is samp-
ling a composite image of the inner part of the galaxy in the light of the 511 keV annihilation
line. This image looks significantly different from the 1.8 MeV 26Al-image.

These highlights represent only a small sample of the Compron results. Investigations of a large
number of x-ray binaries and transients, of the diffuse galactic gamma-ray emission and of sev-
eral spectacular solar flares, are only mentioned here. The analysis of the Compton data is far
from being completed and many more results are still to be expected.
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6. Solar Physics from Space 1990-1993

Stuart D. Jordan

The period covered by this report was dominated by three
developments: (1) a continuing study of the maximum phase of
Solar Cycle 22, especially through the successful launch and
operation of the YOHKOH mission by the Institute of Space and
Astronautical Sciences, (ISAS) of Japan; (2) the continuing
development of instruments and spacecraft for the Solar and
Heliospheric Observatory (SoHO), a joint mission of the European
Space Agency (ESA) and the American National Aerconautics and
Space Administration (NASA):; (3) the continuing, but so far
unsuccessful, attempt of the international solar community to
develop a l-meter class optical telescope for operation in space.
These and a few other developments are reviewed here.

The most significant event for solar physics from space during
the periocd covered by this report was the successful launch and
early operation of the YOHKOH satellite by ISAS. Launch occurred
on 30 August 1991 from the Kagoshima Space Center, and operation
to date has yielded a large database for the study of the high-
energy solar phenomena that accompany solar activity. The
satellite carries four major instruments: a hard X-ray telescope
(HXT), a soft X-ray telescope (SXT), a set of wide band
spectrometers (WBS), and a set of Bragg crystal spectrometers.
The spacecraft and much of the instrument development were
accomplished in Japan, where the mission operations control
center is located. There was also substantial participation in
instrument development in the U.K. and in the U.S.A. The ISAS
ground station at Kagoshima and the NASA Deep Space Network
provide the communications link with the satellite, which has an
on-board bubble memory with an 80 Mb capacity. Excellent
references for a more detailed description of all aspects of the
mission, scientific as well as technical and programmatic, appear
in Solar Physics, Volume 136 (all papers), and in Publications of
the Astronomical Society of Japan, Volume 44, No. 5 (all papers).

The HXT on YOHROH was designed to obtain observations of hard X-
rays from solar flares with an unprecedented combination of
angular, temporal, and energy resolution, in order to better
study the process of electron bremsstrahlung in flares. From
observations with an angular resolution of 5 arcseconds and a
temporal resolution of 0.5 seconds, taken simultaneously in the
four energy bands 14-23-33-53-93 keV, it has become possible to
study in far more detail than was previously possible the
generation and confinement of the high energy electrons known to
be associated with flares. HXT data have already been obtained
on hundreds of flares.

The SXT on YOHKOH has already obtained on the order of one
million excellent soft X-ray pictures of the Sun from which
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future studies of solar active regions and flares will benefit.
The soft X-ray regime is thought to be the primary energy range
for radiative losses in many strong active regions and flares, so
high resolution observations are essential for understanding the
energy balance in coronal loops and the energy transfer process
in flares.

The WBS instrument has already provided evidence for two types of
gamma-ray flares, for significant time variations of the hard X-
ray spectrum that will provided further insight into the
acceleration of solar flare electrons, and for proton
acceleration in some of the flares observed. This instrument
provides light-curve observations in ten energy bands with a
temporal resolution in the range 0.125-0.5 seconds, as well as
energy spectra from three spectrometers with temporal resolution
1-4 seconds, over a broad energy range from 3 keV to 100 MeV.

Finally, the BCS is gathering data to address questions of plasma
heating and dynamics during the impulsive phase of solar flares.
The BCS observes the Sun in four wavelength bands between 1.7 A
and 5.1 A. Altogether, the four instruments on YOHKOH have
already yielded a database that will keep high-energy solar
physicists busy for the entire decade, as they attempt to resolve
some of the still outstanding problems of solar flare physics:
mechanisms for the acceleration of electron beams, the presence
and acceleration of proton beams, nonthermal versus thermal
models for (perhaps different types of) flares, what are the
major types of flares (more refined classification, as a function
of dominant physical processes), and further constraining of
energetic processes, perhaps leading to improved ideas on
different classes of flare "trigger" mechanisms.

In parallel with this major mission, solar flare research
continues on older data sets obtained largely from the now
defunct Solar Maximum Mission (SMM) and Hinatori. When all of
the space data on solar flares and solar activity have been
combined with an equally impressive database obtained from the
ground, especially in the radio regime (Dennis and Zarro, 1993),
we can expect significant advances in our understanding of solar
flares by the end of the decade.

The other major solar space mission that has been the focus of
attention during the period 1991-1993 is the SoHO mission, a
mission dedicated to the better understanding of the solar corona
and the solar interior. SoHO remains scheduled for launch in the
late summer of 1995. At the time of this writing the SoHO
instruments are under final development, to be delivered during
1994 for integration into the spacecraft. If all goes as
planned, the mission will operate for two or more years;
collecting data from the first Lagrangian point between the Earth
and the Sun where continuous solar viewing will be possible. A
comprehensive summary of the mission, its instruments, and its
scientific objectives appears in ESA SP-1104 (1989).
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Major problems in coronal physics will be attacked with these
data. The "Parker" mechanism of solar wind acceleration by the
thermal pressure gradient can produce supersonic expansion of the
wind, and come close to predicting some of the wind properties
over the quiet Sun, but this mechanism, alone, is inadequate to
explain solar-wind acceleration in the high~speed streams now
known to be associated with coronal holes. Two coronagraphs on
SOHO will attempt to observe the wind out to at least 10 sclar
radii, in order to better understand this acceleration process.

While it is understood that a hot corona will produce a negative
thermal pressure gradient beyond some distance frum the Sun, and
thus contribute to solar wind acceleration, solar physicists
still do not know what produces (i.e.) heats the corona in the
first place, although theories abound. In order to provide a
better observational base for evaluating theories of coronal
heating, SoHO will carry two spectrographs which, together, will
provide diagnostic spectra of high spatial and spectral
resolution over a broad range of coronal and transition region
temperatures and densities. This superior diagnostic capability
will help to refine models of these solar regions, and further
constrain theories on the underlying physics. A fifth instrument
will provide EUV images of the Sun, to provide context and
additional science data. Other instruments will measure particle
concentrations in the solar wind.

The other major goal of SoHO is to provide a database that, in
conjunction with data from a developing ground-based solar
network (developed by the Global Oscillations Network Group, or
GONG) will permit solar physicists to map the density,
temperature, and velocity distribution of the solar plasma from
the photosphere down to the center of the Sun. One instrument
will observe full Sun oscillations with very high sensitivity,
concentrating on the lowest frequencies that penetrate to the
solar core. Another instrument, a Michelson Doppler
interferometer, will measure line-of-sight velocities and
magnetic fields to high angular resolution (1.4 and 4 arcseconds)
as well as other parameters, to provide improved models of the
more superficial layers of the Sun. A third instrument will
measure variations in the solar irradiance on time scales of
minutes up to the mission time to gain further insight into the
very low frequency global oscillations.

If the news on YOHKOH is good, and on SoHO hopeful, it must be
reported that the news on the efforts of the solar community to
achieve a l-meter class observing capability in space is bad.
The hoped for Orbiting Solar Laboratory (OSL), planned during the
1980's by NASA, has been long delayed by budgetary constraints,
and while it remains in the NASA long-range plan, most solar
physicists are exploring other ways to achieve this capability
sooner, if that is possible. Solar physicists in the United
States have been invited by NASA to produce a plan for a Solar
Research Base Enhancement program that could include a balloon
bourn telescope of large primary diameter approaching l-meter,
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but it is not yet clear whether this program will materialize.
The ISAS in Japan is exploring the possibility of building a
large aperture, possibly 80 cm, solar telescope (Solar-B) to be
flown in space, though this remains in the planning stage as well
at this writing.

Continual improvements in solar ground-based capability are
partially closing the gap between the 0.1 arcsecond angular
resolution goal possible from space and what can be achieved from
the ground. Nevertheless, this writer is aware of no solar
physicist who believes that 0.1 arcsecond angular resolution can
be achieved from the ground with reasonable image stability over
several minutes and over a field-of-view large enough to attack
the fundamental problems of the role of the small-scale magnetic
fields in the dynamics of the lower atmosphere. This very high
angular resoclution is necessary if we are to observe these
dynamic atmospheric phenomena on the main scale of energy
transfer in the photosphere and chromosphere, i.e., the
atmospheric scale height and a continuum mean-free-path. The
scientific need for this space-based facility remains.

In addition to the three areas of major activity mentioned, there
are a number of other developments that could produce exciting
new science over the rest of the decade. The first of the
CORONAS missions is currently scheduled for launch in December of
1993, although there is a good chance that actual launch may
occur in 1994, as Russia and Ukraine, the joint developers of the
mission, restructure their joint space effort. This CORONAS
mission will be directed to general studies of the physics of the
outer solar atmosphere, will carry a 200 kg scientific payload,
and is scheduled to perform EUV spectroscopy and white light
coronagraphy from low-Earth orbit, as well as carrying a high-
energy payload for the study of solar activity (Sagdeev, 1993).

The Ulysses mission of ESA and NASA, with an international
payload, is also expected to provide exciting new insights into
the solar atmosphere, by directly observing for the first time
the sun's high latitude regions. The pass nearly over the
southern pole of the Sun is expected to occur during September of
1994, to be followed by a pass at about 80 degrees north solar
latitude during August of 1995. Science investigations include
in situ probing of the solar wind as the spacecraft moves in
toward the Sun on its "boomerang” orbit from Jupiter, as well as
detailed observations of the high latitude regions of the solar
atmosphere by nine instruments during the high latitude passes.
Phenomena ranging from "superspicules™ to polar coronal holes
will be observed directly, and insight should be gained into the
high latitude components of the solar wind.

Another option for operating science payloads in space was
implemented successfully with the deployment from a NASA Shuttle
in April 1993 of a SPARTAN payload consisting of an ultraviolet
coronagraph and a white light coronagraph. The SPARTAN is a
completely autcnomous subsatellite which, in this case, operated
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for 47 hours before recovery by the Shuttle. Preliminary results
and coronal images were presented at the Solar Physics Divisional
Meeting of the American Astronomical Society in July 1993 (not
published) and should appear in the open literature around the
end of 1993.

With more fine data expected from Yohkoh, a second, upcoming
flight of Spartan, as well as Coronas and Ulysses, there is
considerable excitement in the solar community over an organized
observing campaign that could involve all four missions.

Technical develcpment and application continues in at least three
areas of importance to solar physics in space. The first is the
switch to a new family of two-dimensional digital detectors, many
built around microchannel plates and charge~-coupled devices
(CCDs) . Continuing development of these detectors on sounding
rockets, and further use on major space missions such as SoHO
will continue. The second major technical development is the use
of new thin-film coatings on normal incidence telescopes,
coatings that significantly increase the reflectivity of a normal
incidence surface at EUV wavelengths, at least over a limited
wavelength range. This in turn makes possible the construction
of normal incidence telescopes in this range, capable of
achieving higher angular resolution than has proved possible with
grazing incidence designs. Finally, the increased application of
sophisticated computer networks and data storage techniques is
making data access from major space missions increasingly
available to users worldwide, a development that can only further
the already highly international, global character of solar
astronomy.
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